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The project of an EAS Cherenkov array in the Tunka valley/Siberia with an area
of about 1 km2 is presented. The new array will have a ten times bigger area than
the existing Tunka-25 array and will permit a detailed study of the cosmic ray energy
spectrum and the mass composition in the energy range from 1015 to 1018 eV.
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Introduction
The nature of Galactic sources of high and ultrahigh energy cosmic rays is not clear,
despite of essential progress in the theory of their acceleration and propagation. To
understand the nature of sources, reliable experimental data about energy spectrum
and mass composition in the range of 1015 - 1018 would be essential. This range
includes as well the ”classical” knee [1] at energy 3 · 1015 eV, as also the range
of energies 1017 − 1018 eV, considered now as maximum reachable by cosmic rays
accelerated in Galactic supernova remnants [2].
It is known, that the most reliable method of cosmic rays energy measurement
in the specified energy range is the method of EAS Cherenkov light observation.
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Fig. 1. TUNKA-133 array. Minimal distance between detectors is 85 m. Seven detectors form
a cluster.
A series of such experiments are carried out in Tunka Valley (50 km from lake
Baikal) since more than 10 years: Tunka-4 [3], Tunka-13 [4] and Tunka-25 [5]. The
latter array consists of 25 detectors on the basis of PMT QUASAR-370 and 4
detectors with pulse shape recording on the basis of PMT Torn-EMI D669. To
study charged particles at surface, water Cherenkov detectors with an area of 10
m2 are planned to be added to the array. The detectors cover an area of ∼ 0.1 km2.
The construction of the TUNKA-133 array will allow us to expand the sensitive
area by almost 10 times. For one season of data taking (400 hours) we plan to
collect ∼ 3 · 105 events with energies above 3·1015 eV, ∼ 200 events with energies
higher than 1017 eV, and a handful events with energies higher than 1018 eV.
Array Description
The new array will consist of 133 optical detectors on the basis of PMT EMI 9350
(diameter of photocathode of 20 cm). The plan of the array is shown in fig. 1.
The 133 detectors are grouped in 19 clusters of seven detectors each. The analog
electronics is designed to provide a high dynamic range (104).
The functional scheme of the cluster electronics is shown in fig. 2. The electronics
will be placed inside industrial computers with ISA interface. Data acquisiton and
management will be carried out by a single-board industrial computer PCA-6145,
connected with the control center through Ethernet.
The measuring channels will be designed on the basis of 10-bit ADCs AD9410
and Xilinx microchip FPGAs. The continuous digitizing of signals with step widths
of 5 ns allows to discard traditional TDCs and to replace analog discriminators by
digital ones. Digitizing of signals at the central detector of each cluster, with steps
of 2.5 ns, allows to measure the pulse form and to deduce the FWHM.
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Fig. 2. Functional scheme of cluster electronics.
The cluster trigger condition will be ≥ 3 detectors during the resolution time of
0.5 microsec. The rate of single-cluster triggers will be about 2 Hz, and the cluster
data stream about ∼2 Kb/sec.
The reconstruction of EAS parameters will be carried out with methods, de-
veloped for the TUNKA-25 array [6]. These methods provide an accuracy of core
location of about 6 m and a primary energy resolution of about 15%. The error in
Xmax will be about 35 g/cm
2 for the LDF-steepness method, and about 25 g/cm2
for the pulse FWHM method.
Acknowledgements
Present work is supported by Russian Fund of Basic Researchs (grants 02-02-17162
and 03-02-16660). The PMTs EMI 9350 (200) have been provided by INFN from
the former MACRO experiment.
References
1. G.Kulikov and G.Khristiansen, rus. JETF 35, 653 (1958).
2. V.Ptuskin, V.Zirakashvili, Astron. Astroph. 403, 1 (2003).
3. S.Bryanski et al., Proc. 24th ICRC, Roma 2, 724 (1995).
4. O.Gress et al., Nuclear Physics B (Proc. Suppl.) 75A, 299 (1999).
5. N.Budnev et al., Proc. 27th ICRC, Hamburg 2, 581 (2001).
6. D.Chernov et al., International Journal of Modern Physics A this volume, ? (2004).
